[Al, you can do a one-feone replacement of “@b” and “IPG”.]

We seekto understandhekinds of informationNASA workersshare the socialandmethodolog-
ical frameworksthey prefer how thisinformationis managedndpresentedandthevariousroles
desktoptools andautomatedgentswill assumen distributed,collaboratve actvity. We needto
develop information technologiesthat increaseteamwork, comprehensionand efficacy, while
reducingmiscommunicationgrror, and loss of information. Interfacing with NASA staf will
enablean understandingf the daily actvities and how they canbe supportedeffectively with
informationtechnologyapplicationsEachentity (humanor machine)within adomainis a poten-
tial sourceof informationandknowledge.Intelligentagentscanprovide assistanco peoplein a
collaboratve ervironment.

We recognizethatthe World Wide Webis beingextendedinto space An examplewascollecting

real-timeinformationfrom the Lunar Prospectoanddisseminatingt ontothe Weh Communica-
tion andmanagementf heterogeneou@ndpossiblymassve) informationsourcesareessential.
Tools will be neededo enableground-spacéeamsto coordinateactvities, in part, throughthe

computingmedium using existing NASA tools mentionedabore. On-boardmassstorageand

space-groundatalinks will allow NASA to leveragethe Webin space. This will make possible
web-basedaollaboratve systemsdesign,groupware,work systemssimulation,informationtech-

nologies,informationvisualization,intelligent agents dataandinformation analysistechniques,
knowledge-based systems, and more.

In essenceputting a spacecrafsuchasthe shuttleor a spaceprobeon the web makescommuni-
cationwith thatspacecrafastransparenaslaunchingawebbrowser All of thetechnologyof the
web is thenavailableto querythe healthand statusof the spacecraftyiew datafrom its instru-
ments in real time, interact with its systems or astronauts, or perform command and control.

Researchersontinually seeknew waysto leverageinformationtechnology(IT) to improve the
productvity andquality of their work. Numericalcomputationcomputercontrol of instruments,
datavisualizationmassve datastoragedigital communicationandevendesktoppublishinghave
eachenabledmajorimprovementsin the conductof researchA new technologyis emeging to
adwancethe useof IT for researchto the next level: comprehensie, domain-specificyemote-
accessgcollaboratve researchervironmentshereaftercalled integrated synthesiservironments
(ISEs).ISEswill provide a meansfor researcherso finally integrate and automateall of the
researclactvities listed above in a seamlesgrvironment,while hiding the vastamountof data,
software,andinteractionswhich arenot of interestto them.Perhapghe mostimportantgoal for

the IPG is to enable the creation and continual enhancement of ISEs as well their ubiquitous use.

Micro-SpacecrafSwarm. We proposea “swarm” of perhapgenthousandiny spacecrafteach
on the orderof a kilogramin mass,beinglaunchedfrom Earthto arrangethemselesin a grid
orbiting the Sun. Thesecraft would be in constantcontactwith their immediateneighborsand
throughthis network, every spacecrafivould bein contactwith Earth.The microspacecrafivould
cooperaten performinga few well-definedfunctions:searchingor andtracking Earth-threaten-
ing asteroidsdetectingand quantifyinganomaloussolaractwvity, detectingandfilling in vacant
swarm obsenation posts,andrelaying this information throughthe swarm network to Earth. It
would beimpossiblefor ary Earth-basedystemto adequatelcontrolthe swarmdueto the vast



numbersthe communicatiordelay the locationof partof the swarmon the oppositeside of the

Sunfrom Earth,andthe needfor differentpartsof the swarmto formulaterapid andcooperatre
responses.

Graphic:Shav themicrospacecrafiwarmin agrid (yellow interconnectiodinessignifying com-
municationwith nearesheighborsjaroundthesun.Thegrid fadesnto thedistanceonthefar side
of theSun.TheEarthcanbeseerfar away and90 degreesaroundthe Sun,andis oneof thenodes
on the grid. In the foreground,several microcraftdeterminethe trajectoryof a hurtling asteroid
(shav wavessentout from microcraftandbouncingoff asteroid) Onthesideof the Sunopposite
Earth, seeral microcraft monitor a huge solar flare.



